Osteogenic oxysterols inhibit the adverse effects of oxidative stress on osteogenic differentiation of marrow stromal cells.
The osteoporosis that occurs with aging is associated with reduced number and activity of osteoblastic cells. Aging, menopause, and osteoporosis are correlated with increased oxidative stress and reduced antioxidant defense mechanisms. We previously demonstrated that oxidative stress induced by a variety of compounds such as xanthine/xanthine oxidase (XXO) and minimally oxidized LDL (MM-LDL) inhibit the osteogenic differentiation of osteoprogenitor cells. Oxysterols are a family of products derived from cholesterol oxidation that have important biological activities. Recently, we reported that a specific oxysterol combination consisting of 22(S)- or 22(R)-hydroxycholesterol and 20(S)-hydroxycholesterol has potent osteogenic properties in vitro when applied to osteoprogenitor cells including M2-10B4 (M2) marrow stromal cells. We now demonstrate that this osteogenic combination of oxysterols prevents the adverse effects of oxidative stress on differentiation of M2 cells into mature osteoblastic cells. XXO and MM-LDL inhibited the osteogenic differentiation of M2 cells, demonstrated by the inhibition of markers of osteogenic differentiation: alkaline phosphatase activity, osteocalcin expression and mineralization. Treatment of M2 cells with osteogenic oxysterol combination 22(S)- and 20(S)-hydroxycholesterol both blocked and reversed the inhibition of osteogenic differentiation produced by XXO and MM-LDL in these cells. The protective effect of the oxysterols against oxidative stress was dependent on cyclooxygenase 1 and was associated with the osteogenic property of the oxysterols. These findings further demonstrate the ability of the osteogenic oxysterols to positively regulate osteogenic differentiation of cells, and suggests that the use of these compounds may be a novel strategy to prevent the adverse effects of oxidative stress on osteogenesis.